Since the introduction of propofol a difference in its effects between young and elderly patients has become apparent. For instance, older patients have a more pronounced tendency toward arterial hypotension after the administration of equal amounts of propofol [1, 2] . This tendency toward hypotension has been demonstrated in older patients for a variety of hypnotic drugs. The occasional deleterious effect of a relatively excessive dose of thiopentone on haemodynamics in the elderly is familiar to every clinical anaesthetist. Although the mechanism for such an "increased sensitivity" is not completely understood, it possibly could be the result of a decrease or a change in plasma protein content, resulting in an increase in unbound drug fraction in the elderly patient compared with the younger. Also, the perfusion of the tissue compartments may have changed in the elderly in favour of the well perfused tissues.
On account of its rapid onset and short duration of effect, and because of a rapid complete recovery without hangover or rebound phenomena, propofol is likely to become used extensively for the induction and maintenance of anaesthesia for outpatient surgery. In the present study we compared the requirements for propofol for induction and maintenance of anaesthesia, and the recovery times and side effects of propofol in younger and older patients. 
PATIENTS AND MATERIALS
Forty patients of both sexes, ASA classification I-III, admitted for surgery under general anaesthesia of an expected duration not exceeding 120 min, were included in the study. Approval of the hospital Ethics Committee was obtained for the study. All patients gave verbal informed consent to participate. Twenty patients were selected in the age range 25-40 yr (group A) and 20 patients of 65-80 yr (group B). Excluded from the study were pregnant patients, patients with severe obesity (weight more than 120% in relation to body height), patients receiving any medication possibly interfering with the anaesthetic (neuroleptic agents, tranquillizers or other psychopharmaceutic drugs), patients with a known allergy to propofol or its solvent (Intralipid), or patients with abnormal renal, hepatic or haemopoietic functions.
Premedication was avoided because of the risk of interference with the anaesthetic [3] . Before induction of anaesthesia an i.v. infusion of physiological saline solution was started in a vein in the forearm or dorsum of the hand. An electrocardiogram, lead 2, was continuously monitored and registered on a polygraph. Arterial pressure and heart rate were measured just before the induction of anaesthesia, at 1-min intervals for the next 10 min and, thereafter, at 2.5-min intervals, with the aid of an automatic noninvasive arterial pressure monitor. After baseline measurements of arterial pressure and heart rate had been obtained, anaesthesia was induced with propofol l.Smgkg" 1 , administered over 20-40 s in a fast running i.v. infusion. At the same time an infusion of propofol 9 mg kg" 1 h" 1 was started to maintain anaesthesia. Induction time was denned as the period between start of bolus injection and disappearance of the eyelash reflex. If unconciousness was not attained after 1 min, additional propofol 20-mg boluses were given. As soon as unconciousness was attained a Relaxograph (Datex) was connected and calibrated. The neuromuscular blockade produced by administration of vecuronium bromide 0.1 mg kg" 1 was measured at the adductor pollicis muscle. Fentanyl 1.5ugkg" x was given with the neuromuscular blocking drug. When muscle contraction had decreased by 90 %, the trachea was intubated and artificial ventilation commenced with oxygen-enriched air (40 % oxygen), to keep the end-tidal carbon dioxide partial pressure at 4.7-6 kPa. Intubation time was denned as the period between start of propofol infusion and completion of intubation.
Fentanyl 0.75-1.5 ug kg" 1 was administered every 30 min. When very painful stimuli were expected, for example during orthopaedic surgery, additional 1.5-ugkg" 1 doses were administered. Also, when arterial pressure or heart rate increased, or when the finger plethysmogram narrowed and there was no reason to expect insufficient hypnosis, additional fentanyl was preferred to propofol. Supplementary doses of vecuronium were administered according to the clinical need of the patient.
In patients in whom heart rate decreased to less than 55 beat min" 1 during anaesthesia, atropine was administered i.v. to restore normal heart rate. Supplementary bolus doses of propofol 20 mg were given when considered necessary as determined by an increase in systolic arterial pressure as long as analgesia was adequate. When other signs of light anaesthesia were present, such as coughing, moving, hypersalivation, swallowing or chewing on the tracheal tube, epiphora or sweating, propofol 20 mg was given. If, during maintenance of anaesthesia, systolic arterial pressure decreased to less than 90 mm Hg, the rate of infusion of propofol was halved to 4.5 mg kg" 1 h" 1 . Maintenance time was denned as the period starting immediately after intubation until the end of infusion of propofol.
At the end of the operation neuromuscular blockade was antagonized, when necessary, with neostigmine and atropine in usual doses, as soon as recovery of block had passed 25 %.
All events were recorded to enable comparison of induction time, intubation time, the induction dose of propofol and the total amount administered until intubation. Extubation time (time from end of infusion to extubation), awakening time (time from end of infusion to opening of eyes), and orientation time (time from end of infusion to orientation in time and place) were also compared for both groups. The percentage differences from pre-anaesthetic baseline values of arterial pressure and heart rate were calculated immediately and 3 min after intubation, as well as the lowest values before intubation, before surgery started and the highest and lowest values during surgery. Adverse effects occurring during induction, maintenance, early recovery and up to 24 h after surgery were recorded. The quality of induction was judged by two of the authors and an anaesthetic nurse confirmed the side effects noted at induction. Patients were asked about awareness during induction and maintenance, and their opinion of the anaesthetic.
The data were analysed statistically by Chisquare test, Mann-Whitney U test or Student's t test for paired data, as appropriate. P < 0.05 was considered to be significant.
RESULTS
Twenty patients were initially entered in each group. Two patients in group A were excluded because of exceeding the propofol infusion time of 120 min. In group B one patient had to be excluded for not fulfilling the age range criterion. This left 12 females and six males in group A and 6 and 13, respectively, in group B. Patient details are summarized in table I.
There was no significant difference in body weight or body height (P > 0.05). In general, the elderly patients belonged to a higher ASA class because of a significantly (P < 0.01) higher prevalence of concurrent diseases: three in group A v. 14 in group B. Seven patients in group B and three in group A were receiving drug therapy (ns). Four patients in group B were receiving a diuretic as management of hypertension (this drug was withdrawn the day before surgery). No patient was in receipt of beta-blockers. Surgical procedures comprised body surface (including herniotomies and laparoscopies), bones (including laminectomies) and intra-abdominal.
The induction time and dose of propofol, propofol utilization during maintenance of anaesthesia, calculated over both the period until withdrawal of the infusion and until opening of eyes (awakening), and the infusion times are given in table II, together with fentanyl maintenance doses.
Five of 18 patients in group A and 15 of 19 in group B (P < 0.05) lost the eyelash reflexes with the induction dose of 1.5 mg kg" 1 . In group A the amount of propofol needed for induction and maintenance of anaesthesia was significantly higher than in group B (P < 0.01). Patients in group A more often showed signs of light anaesthesia, required additional propofol bolus more often and had fewer periods of excessive deep anaesthesia during maintenance (table III) .
The amount of fentanyl required during the maintenance period was significantly less for group B than for group A (2.05 (SD 0.8) v. 3.08 (SD l.^ugkg-'h" 1 ). In the younger patients moving, muscular hypertonicity and discomfort at the site of injection were observed at induction more frequently than in the older patients. The complete list of side effects is shown in table IV.
There was a tendency for intubation to be achieved faster in older patients (intubation time 4-8 min) than in younger patients (range 5-17 min). The intubation time of 17 min in one young patient was caused by calibration problems; exclusion of the results from this patient does not change the significance.
When asleep, all patients tolerated a face mask for the administration of oxygen-enriched air before tracheal intubation, and their lungs were remarkably easy to ventilate by hand. The time from start of induction to suitable operative conditions was 9.8 (2.2) min in group A and 7.6 (3.1) min in group B. Induction time, intubation time, total infusion time, extubation time, awakening time and orientation time are given in table V. Recovery in group A was faster than in group B (P < 0.05), but there was no significant difference in total infusion time. One patient in group B had longer recovery times for extubation, awakening and recovery (27, 49 and 55 min, respectively), but this patient received the highest fentanyl dose in group B in a total hip procedure which lasted 93 min.
None of the patients experienced awareness during induction or maintenance of anaesthesia.
Statistically significant changes in arterial pressure compared with baseline values were seen at all subsequent measurements ( fig. 1 ), propofol causing a decrease in arterial pressure which was especially marked in group B. Smaller accompanying changes in heart rate were seen, with a tendency toward slower rates in group B. Individual percentage changes in arterial pressure from baseline values for groups A and B are reproduced in figure 2 . In group A a systolic arterial pressure less than 90 mm Hg was noted in two patients before intubation. In three patients a pressure greater than 160 mm Hg was measured immediately after intubation. In group B seven patients had baseline systolic arterial pressures greater than 160 mm Hg. In five patients arterial pressures decreased to less than 90 mm Hg before intubation (one to less than 80 mm Hg). In five patients in group B arterial pressure greater than 160 mm Hg was recorded immediately after intubation.
No patient suffered from any cardiovascular sequelae during and after recovery from anaesthesia.
DISCUSSION
Several investigators have demonstrated a difference in the amount of propofol needed for the induction of anaesthesia between younger and older patients [1, 2] . The induction dose of 1.5 mg kg" 1 was chosen as that recommended in the literature for patients older than 65 yr [2, 4] . To enable comparison of induction requirements, doses for young and elderly must be the same, although we realized that it was possible that young patients would not lose consciousness after this dose. An age-related difference in requirement of propofol for maintenance has not previously been demonstrated. Unfortunately, we introduced a possible bias to our results, with more females in group A. However, it has been observed that induction doses of propofol do not differ significantly between males and females [2] , and Kay and coworkers [5] demonstrated comparable steadystate distribution volumes for males and females, and so we believe that our results for rate of propofol utilization are not influenced by sex differences. This is further supported by examination of the separated male and female requirements for maintenance drugs over the period until opening of eyes, which do not differ essentially from the male and female combined data (table II) .
As could be expected from the higher incidence of concurrent diseases in the elderly, more patients in group B than in group A were in ASA classes II or III. In our experience, however, there is no predictive value of ASA class I-III in estimation of anaesthetic requirement. All patients were clinically fit for elective surgery. Some scored ASA III mainly because of chronic obstructive pulmonary disease or hypertension with ECG abnormalities, which is more an indication of cardiovascular instability than of requirement for hypnotic medication, at least in the patient population studied.
Homer and Stanski [6] found a significant decrease in initial volume of distribution for thiopentone with increasing age, based on the existence of a smaller central compartment, which would also result in higher initial serum concentrations. This may explain the smaller requirement for propofol for induction of anaesthesia in the elderly. Another reason for higher sensitivity to propofol in the elderly could be an increased free plasma fraction of propofol based on a small concentration, or a changed pattern, of plasma proteins. In man the protein-bound fraction is about 98%, while administration of fentanyl increases the free plasma fraction of propofol [7] . A smaller central compartment may also explain the lower requirement for maintenance doses in the elderly when short acting drugs are used.
There was a considerable and statistically significant difference between the groups in propofol requirements during maintenance of anaesthesia. Group A received a 16% greater maintenance dose over the period until the end of the propofol infusion, or 23 % more until opening of the eyes. This difference is of even greater significance when one considers that group A also received significantly more fentanyl. Despite receiving more propofol and fentanyl, patients in group A were less deeply anaesthetized than those in group B. This suggests a fundamentally greater maintenance requirement for group A. Nevertheless, the utilization ranges remained within those described in a previous study in which age was not a selection criterion [8] . In that study, maintenance utilization rate was 10.0 (2.4) mg kg" 1 h" 1 , or 7.5 (2.2) mg kg 1 h" 1 if calculated until awakening (opening of the eyes). The age range of the subjects was 19-48 yr. A difference in incidence of movement during surgery between young and elderly patients receiving the same anaesthetic regimen has been described by Hilton, Dev and Major [9] .
During maintenance of anaesthesia the amounts of fentanyl given were small: about 225 ug h~l and about 150 ug kg" 1 for a 70-kg patient in groups A and B, respectively. An analgesic effect of propofol has been demonstrated [10] which, if an inherent property of the drug, is of special interest for daycase anaesthesia.
The combination of propofol, fentanyl and vecuronium bromide offers stable anaesthesia with a tendency toward low-normal heart rates. Although substantial changes in arterial pressures were noticed, these rarely exceeded normal ranges. The more pronounced decrease in arterial pressure in group B was probably influenced by the five patients receiving diuretic and other antihypertensive drugs causing a relative hypovolaemia. In addition, the greater propofol plasma concentration alluded to above will produce more intense effects on the cardiovascular system. The pressor reflex decreases with increasing age, also.
All patients became unconscious within times comparable to those reported by other investigators. The prolonged intubation time we found in young patients compared with the older may be explained by the relatively small induction dose of propofol used. Increasing the induction dose to 2.0-2.5 mgkg" 1 accelerates induction [8] . Application and calibration of the neuromuscular transmission monitor caused some delay and thus also prolonged intubation times in general.
Recovery from anaesthesia, measured as time to awakening and as time to orientation, was more variable in group B than in group A.
Since the introduction of propofol in Cremophor solution, pain on injection has been the most striking side effect of the drug [3, 11] . With emulsified propofol the incidence and severity of pain on injection have decreased. Nevertheless, pain was experienced in both groups in our study, significantly more pronounced in the younger group. A decreasing sensitivity of the peripheral nervous system and a lesser irritability of the vasculature in the elderly patient may explain this difference. In this study we administered fentanyl only after the patient had lost consciousness. In routine clinical practice fentanyl or another opioid will usually be administered earlier and may thus decrease the incidence of pain on injection of propofol. Premedication may also reduce the experience of pain on injection.
The incidence of nausea and vomiting was similar to that in other studies with propofol, but lower than that in our experience with other anaesthetics, especially etomidate [12, 13] .
Other side effects of propofol were of minor clinical importance. Although eight patients in group A and six in group B had symptoms of emotional lability, these were of short duration-less than 30 min-and were considered as harmless emergence phenomena.
None of the patients reported awareness after having fallen asleep. Most patients were satisfied with the induction, although two patients would not have the same anaesthetic again because of pain on injection and one patient because of feeling too awake in the postoperative period.
In summary, this study showed that younger patients need considerably more propofol than patients older than 65 yr during induction and maintenance of anaesthesia, when the drug is used as a total i.v. anaesthetic. Propofol provided adequate and easily controllable anaesthesia, with rapid and uneventful recovery in elderly patients. Although younger patients required higher doses of both propofol and fentanyl, recovery was nevertheless more rapid. Pain on injection was less pronounced in the elderly.
